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(54) Method for making a thin film transistor 

(57) In production of a thin film transistor, a gate 
electrode is formed on an insulating substrate. A gate 
nitride film and a gate oxide film are formed on the gate 
electrode. A semiconductor thin film is formed on the 
gate oxide film. The semiconductor thin f Om is irradiated 
with laser light for crystallization. The growth of the crys- 
tal grains in a first section of the semiconductor thin film 
lying just above the gate electrode is more significant 



than that of the crystal grains in a second section of the 
semiconductor thin f Om lying in a position other than just 
above the gate electrode. An impurity is selectively 
doped into the second section of the semiconductor thin 
film to form a source region and a drain region, while the 
first section of the semiconductor thin film is left without 
modification as a channel-forming region. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to methods for mak- 
ing bottom-gate-type thin film transistors having active 
layers composed of polycrystaliine silicon and the like. 
More particularly, the present invention relates to a 
technology for crystallization of a bottom-gate-type thin 
film transistor made by a low temperature process of 
600 °C or less. 

2. Description of the Related Art 

Thin film transistors suitable for switching elements 
in active matrix liquid crystal displays are being inten- 
sively developed. Polycrystaliine or amorphous silicon 
is used as the active layer in thin film transistors. In par- 
ticular, polycrystaliine silicon thin film transistors have 
attracted attention because they enable the achieve- 
ment of compact, high-def inition, active matrix, color liq- 
uid crystal displays. The use of polycrystaliine silicon 
having higher carrier mobility than that of amorphous 
silicon enhances current-driving characteristics of a thin 
film transistor; hence, a peripheral circuit section requir- 
ing high-speed driving can be formed together with thin 
film transistors for pixel switching on the same sub- 
strate. 

In device and process technologies for thin film 
transistors, high temperature processes with process 
temperatures of higher than 1 ,000 °C have been estab- 
lished. A high temperature process is characterized by 
modification of a semiconductor thin film formed on a 
highly heat-resistant substrate such as quartz by means 
of solid-phase deposition. In the solid-phase deposition, 
the semiconductor thin film is annealed at a tempera- 
ture of higher than 1 ,000 °C to grow individual microc- 
rystai grains in polycrystaliine silicon. The 
polycrystaliine silicon formed by the solid-phase deposi- 
tion has a high carrier mobility of approximately 100 
crrr^/V-s. Since such a high temperature process essen- 
tially requires the use of a highly heat-resistant sub- 
strate, expensive quartz has been used. Quartz, 
however, has a disadvantage since it contributes to 
increased production costs. 

Low temperature processes at temperatures of less 
than 600 °C have been developed as a substitute for the 
high temperature process. Laser annealing using laser 
light has attracted attention as one of the low tempera- 
ture processes for thin film transistors. In laser anneal- 
ing, a nonsingle-crystal semiconductor thin film 
composed of amorphous or polycrystaliine silicon 
deposited on a low heat-resistant insulating substrate of 
glass or the (ike is irradiated with laser light to locally 
melt the semiconductor thin film and then the semicon- 
ductor thin fflm is crystallized in the cooling step. Poly- 



crystaliine silicon thin film transistors are integrally 
formed by using the crystallized semiconductor thin film 
as an active layer (a channel region). Since the crystal- 
lized semiconductor thin f am has a high earner mobility. 
5 the resulting thin film transistors have excellent perform- 
ance. 

In laser annealing, a line-shaped laser beam (here- 
inafter referred to as a line beam) has been used. Line 
beams are scanned in a given direction on the semicon- 

w duct or thin film, while partially overlapping the previ- 
ously irradiated area. For example, short-duration 
pulses of line-shaped XeCI excimer laser light with a 
wavelength of 308 nm are repeatedly radiated. An 
exemplary line beam is shaped into a line of 300 mm by 

75 0.5 mm, and has an irradiation energy density of 350 
mJ/cm 2 . As an example, the pulse width of the line 
beam is approximately 40 nsec and the repetition fre- 
quency is approximately 150 Hz. The line beam pulses 
are radiated with an overlap rate of 90% to 99%. 

20 Top-gate configurations are the mainstream of thin 
film transistors. In a top-gate configuration, a semicon- 
ductor thin film is deposited on an insulating substrate 
and a gate electrode is formed thereon with a gate insu- 
lating film formed therebetween. In a low temperature 

25 process, an inexpensive large glass substrate is used 
as the insulating substrate. The glass substrate con- 
tains large amounts of impurities such as sodium, which 
localize in response to a voltage for driving the thin film 
transistor. The electric field caused by the localization 

30 changes thin film transistor characteristics, resulting in 
deterioration of reliability. Recently, bottom-gate config- 
urations suitable for low temperature processes have 
been developed as a counter-measure against the 
above-mentioned problem. In the bottom-gate configu- 

35 ration, a gate electrode of a metal film or the like is pro- 
vided on an insulating substrate such as a glass plate, 
and a semiconductor thin film is formed thereon with a 
gate insulating film formed therebetween. The gate 
electrode shields the electric field in the glass plate; 

40 hence, the bottom-gate configuration is more reliable 
than the top-gate configuration. 

The bottom-gate configuration, however, has a seri- 
ous problem in crystallization by laser annealing. In the 
semiconductor thin film to be crystallized, the portion 

45 used primarily as a channel region lies just above the 
gate electrode, and the source and drain regions He on 
the glass plate. Consequently, when energy by laser 
irradiation is applied, there are differences in thermal 
conduction and heat dissipation between the glass plate 

so and the metal gate electrode. The channel region and 
the source and drain regions have, therefore, different 
optimum energies by laser irradiation, and optimum 
energy laser irradiation for achieving high carrier mobil- 
ity is not possible. That is, in crystallization by laser 

55 annealing, both the semiconductor thin film on the metal 
gate electrode and the semiconductor thin fflm on the 
glass substrate are simultaneously irradiated with laser 
light During cooling of the melt, the melt is solidified on 
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the metal gate electrode within a relatively short time 
since the heat dissipates in the transverse direction 
through the gate line. Thus, the semiconductor thin film 
has different crystal grain sizes above the metal gate 
electrode and the glass substrate, and has nonuniform 5 
carrier mobility. In extreme cases, when an attempt is 
made to increase the crystal grain size of the semicon- 
ductor thin film on the metal gate electrode, the semi- 
conductor thin film on the glass plate will vaporize 
because of the excessive amount of irradiated energy, w 
In contrast, when an attempt is made to maintain the 
crystals of the semiconductor thin film on the glass plate 
in a normal state, the crystal grain size of the semicon- 
ductor thin film on the metal gate electrode is exces- 
sively reduced. Overlapping irradiation using line beams 75 
increases the possibility of the formation of fine holes by 
evaporation in the semiconductor thin film because of 
excessive laser irradiation energy. Line beam irradiation 
has a small range of allowable laser energy and it is dif- 
ficult to determine the irradiation conditions. 20 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
method for making a high performance thin film transis- 25 
tor with high mobility. 

It is another object of the present invention to pro- 
vide a method for making a bottom-gate-type thin film 
transistor by a low temperature process of 600 °C or 
less. 30 

A first aspect in accordance with the present inven- 
tion is a method for making a thin film transistor which 
includes forming a gate electrode on an insulating sub- 
strate, forming a gate insulating film on the gate elec- 
trode, and depositing a semiconductor thin film on the 35 
gate insulating film. Crystallizing the semiconductor thin 
film by laser light irradiation causes more significant 
growth in the crystal grains in a first section of the sem- 
iconductor thin film lying just above the gate electrode 
than that of the crystal grains in a second section of the 40 
semiconductor thin f Bm lying at a position other than just 
above the gate electrode. Hie method also includes 
selectively doping an impurity into the second section of 
the semiconductor thin film to form a source region and 
a drain region while leaving the first section of the sem- 45 
i conductor thin fflm as a channel-forming region. 

Preferably, the first section of the semiconductor 
thin film is changed into a polycrystalline state having a 
crystal grain size ranging from 100 nm to 500 nm while 
the second section of the semiconductor thin film is so 
changed into a rrricrocrystal or amorphous state having 
a crystal grain size of 10 nm or less. 

Preferably, in the crystallization, the semiconductor 
thin film is irradiated with laser light having a wavelength 
of 400 nm or less and a pulse width of 10 ns or more. 55 

Preferably, in the crystallization, the semiconductor 
thin film is irradiated with a laser light pulse with a rec- 
tangular irracfiation area having a side of 1 cm or more 



so as to perform crystallization. 

Preferably, in the crystallization, the semiconductor 
thin film is irradiated with laser light having an energy 
density ranging from 500 mJ/cm 2 to 700 mJ/cm 2 . 

Preferably, the method further includes an impurity- 
activation step for activating the impurity doped into the 
source region and the drain region after the impurity- 
doping. 

Preferably, the impurity-activation step is performed 
by reirradiating the semiconductor thin film with laser 
light under conditions not substantially affecting the 
crystalline state of the channel-forming region. 

Preferably, the impurity-activation step is performed 
by rapid thermal annealing. 

Preferably, in the deposition, the semiconductor thin 
film composed of amorphous silicon having a thickness 
of 50 nm or less is formed by a chemical vapor deposi- 
tion process, and then heated so as to reduce the 
hydrogen content in the amorphous silicon to 5% or 
less. 

In accordance with the present invention, a second 
method for making a display device includes the steps 
of integrally forming pixel electrodes and thin film tran- 
sistors for driving the pixel electrodes on an insulating 
substrate, forming counter electrodes on another insu- 
lating substrate, and joining the two insulating sub- 
strates with a given space therebetween such that an 
electro-optical material is held in the space. Each of the 
thin film transistors is formed by the following steps: 
forming a gate electrode on an insulating substrate; 
forming a gate insulating film on the gate electrode; and 
depositing a semiconductor thin film on the gate insulat- 
ing film. Subsequently, crystallizing the semiconductor 
thin film by laser light irradiation causes more significant 
growth in the crystal grains in a first section of the sem- 
iconductor thin film lying just above the gate electrode 
than that of the crystal grains in a second section of the 
semiconductor thin f Bm lying in a position other than just 
above the gate electrode. The second method also 
include and selectively doping an impurity into the sec- 
ond section of the semiconductor thin film to form a 
source region and a drain region while leaving the first 
section of the semiconductor thin film as a channel- 
forming region. 

Preferably, after doping, the semiconductor thin film 
is reirradiated with laser light to activate and crystallize 
the source region and the drain region under conditions 
not substantially affecting the crystal state of the chan- 
nel-forming region. 

Preferably, in the deposition, the semiconductor thin 
film composed of amorphous silicon having a thickness 
of 50 nm or less is formed by a chemical vapor deposi- 
tion process, and then heated so as to reduce the 
hydrogen content in the amorphous silicon to 5% or 
less. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 A is a schematic view illustrating a method for 
making a thin film transistor in accordance with the 
present invention; Fig. 1 B is a graph illustrating the s 
relationship between the laser energy density and 
the grain size; 

Fig. 2 is a schematic view illustrating a laser irradi- 
ation apparatus used in the method in accordance 
with the present invention; 10 
Fig. 3 is a schematic view illustrating a method for 
laser irradiation; 

Fig. 4 is a graph with curves showing laser power 
versus the irradiation time of the laser light; 
Fig. 5 is a graph illustrating the relationship is 
between the laser energy and the grain size; 
Fig. 6 shows steps for illustrating a method for mak- 
ing a thin film transistor in accordance with the 
present invention; and 

Fig. 7 is an isometric view of an embodiment of an 20 
active matrix display device using a thin film transis- 
tor as a switching element made according to the 
present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 25 

The embodiments in accordance with the present 
invention will now be described in detail with reference 
to the drawings. Fig. 1A schematically illustrates a 
method for making a thin film transistor in accordance 30 
with the present invention. First, a gate electrode 1 com- 
posed of a metal film is formed on an insulating sub- 
strate 0 composed of glass or the like. A gate insulating 
film is formed on the gate electrode 1 . In this embodi- 
ment, a composite insulating film composed of a gate 35 
nitride film 2 and a gate oxide film 3 is formed on the 
gate electrode 1 . Next a semiconductor thin film 4 is 
formed on the gate oxide film 3 by a deposition step. 
The semiconductor thin film 4 is irradiated with laser 
light 50 to perform a crystallization step. The crystal 40 
grains in a first section of the semiconductor thin film 4 
lying just above the gate electrode 1 grow more signifi- 
cantly than the crystal grains in a second section of the 
semiconductor thin film 4 lying in a position other than 
just above the gate electrode 1 . Finally, impurities are as 
selectively doped into the second section of the semi- 
conductor thin film 4 to form a source region and a drain 
region, while the first section of the semiconductor thin 
film 4 is left as a channel region. 

Preferably, by laser light irradiation in the crystalli- so 
zation step, the first section of the semiconductor thin 
film 4 is changed into a pofycrystalline state having a 
crystal grain size ranging from 100 nm to 500 nm while 
the second section of the semiconductor thin film is 
changed into a microcrystal or amorphous state having ss 
a crystal grain size of 10 nm or less. Preferably, in the 
crystallization step, the semiconductor thin film 4 is irra- 
diated with laser light having a wavelength of 400 nm or 



less and a pulse width of 10 ns or more. Preferably, in 
the crystallization step, the semiconductor thin film 4 is 
irradiated with a laser light pulse of a rectangular irradi- 
ation area having a side of 1 cm or more so as to per- 
form crystallization. Preferably, in the crystallization 
step, the semiconductor thin film 4 is irradiated with 
laser light having an energy density ranging from 500 
mJ/cm 2 to 700 mJ/cm 2 . Preferably, after the doping 
step, the semiconductor thin film 4 is reirradiated with 
laser light to activate and crystallize the source region 
and the drain region in order to impart resistance to the 
source region and the drain region, under conditions not 
substantially affecting the crystal state of the channel 
region. Preferably, in the deposition step, the semicon- 
ductor thin film 4 composed of amorphous silicon hav- 
ing a thickness of 50 nm or less is formed by a chemical 
vapor deposition process (CVD), and then heated so as 
to reduce the hydrogen content in the amorphous sili- 
con to 5% or less. 

Fig. 1B is a graph illustrating the relationship 
between the laser energy and the crystal grain size. The 
symbol a indicates the grain size in the first section of 
the semiconductor thin film tying just above the gate 
electrode, and the symbol A indicates the grain size in 
the second section of the semiconductor thin film lying 
on the insulating substrate. These grain sizes are repre- 
sented by a relative scale. As shown in the graph of Fig. 
1 B, the first section on the gate electrode and the sec- 
ond section on the insulating substrate have different 
optimum energies of laser light for crystallization. When 
laser light with an energy density range of 500 mJ/cm 2 
to 700 mJ/cm 2 is radiated, the first section has a large 
grain size. Since the first section is used as the channel 
region, an increased grain size in the first section 
directly causes improved performance of the thin film 
transistor. The grain size reaches 1 00 nm to 500 nm. On 
the other hand, the grain size in the second section of 
the semiconductor thin film on the insulating substrate is 
small for the laser energy density range of 500 mJ/cm 2 
to 700 mJ/cm 2 , and the second section is in a micry- 
crystaliite or amorphous state. Since the second section 
is used as a source region and a drain region, it must 
have sufffcientiy low resistance; however, it is not nec- 
essary to increase the grain size. The second section 
can be changed to low resistance in the succeeding 
step. 

Fig. 2 is a schematic view of a laser radiation appa- 
ratus used in the crystallization step. As shown in the 
drawing, rectangular laser light 50 (hereinafter referred 
to as a rectangular laser beam) is radiated as pulses to 
convert the amorphous semiconductor thin film 4 into a 
pofycrystalline semiconductor thin f am 5. The laser light 
50 has a wavelength of less than 400 nm. For example, 
when a XeCI excimer laser is used as a laser source, 
the laser light 50 has a wavelength of 308 nm. The exci- 
mer laser is of a pulse oscillation type and has a rela- 
tively high output power. The laser light 50 emerging 
from the laser source is shaped by a beam homoge- 
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nizer 51 and introduced onto the insulating substrate via 
an optical system including a mirror 52. The insulating 
substrate can be moved stepwise in relation to the laser 
light 50, although it is not shown in the drawing. 

Fig. 3 is a schematic view illustrating a method of s 
irradiation with rectangular beams. As shown in the 
drawing, the laser light 50 is shaped into a rectangle 
with a width W and a length L. The rectangular beams 
are radiated as pulses. For example, the pulse duration 
time is set at 100 nsec or more (preferably, 150 to 250 10 
nsec), the energy density is set at 500 to 700 mJ/cm 2 , 
and the oscillation frequency is set at 1 Hz or more. 
Next, the insulating substrate 0 is scanned in the two 
orthogonal directions while being irradiated with the rec- 
tangular beams 50 stepwise. The width W and the is 
length L of the rectangular beams 50 are set at 1 cm or 
more. The radiation regions of two adjacent rectangular 
beams 50 partly overlap with each other. The size of the 
overlapped sections is represented by symbol F. In the 
step scanning, the central sections of the rectangular 20 
beam correspond to one shot, the side sections corre- 
spond to two shots, and the comer sections correspond 
to four shots. In this embodiment the width W is set to 
50 mm, the length L is set to 60 mm, and the size F is 
set to 5 mm, in step radiation of the rectangular beams 2s 
50. Irradiation of the entire insulating substrate 0 with a 
size of 600 mm by 550 mm requires approximately 1 00 
sec. 

In the crystallization of amorphous silicon, the pulse 
width (the pulse duration time) significantly affects the 30 
crystal grain size. Fig. 4 illustrates curves showing the 
relationship between energy and the pulse duration 
time of laser light Here, the half-width of the laser light 
pulse is defined as the pulse width. Crystallization has 
been performed using a line beam with a small half- 35 
width. The line beam has a half -width of 20 nsec to 40 
nsec. In contrast, crystallization in the present invention 
is performed using a rectangular beam with a half-width 
of 100 nsec or more. Experiments were carried out for 
confirming the effect of the pulse duration time. In order 40 
to hold the thermal energy given to a semiconductor thin 
film constant, the peak power of the laser fight was 
determined such that the total energy represented by 
the accumulated value of the energy under the curves 
shown in Fig. 4 became constant Under such a condi- 45 
tion, amorphous silicon was subjected to crystallization 
for various pulse duration times, and the grain sizes of 
the resulting polycrystailine silicon were determined. As 
the pulse duration time is shortened to 20 nsec to 40 
nsec, the grain size in one shot decreases to several so 
tens of nanometers, and microcrystals form. A short 
pulse duration time reduces the time from the melting of 
the amorphous silicon by laser energy to the solidifica- 
tion of the polycrystailine silicon, hence the density of 
nucleation increases, resulting in a decreased grain ss 
size. On the other hand, a pulse duration time of longer 
than 100 nsec prolongs the time from the melting to the 
solidification and thus the time for crystal growth, hence 



the density of nucleation decreases, resulting in an 
increased grain size. 

Fig. 5 illustrates the relationship between the laser 
energy density and the grain size. The solid line shows 
crystallization using a rectangular laser beam in accord- 
ance with the present invention, whereas the broken 
line shows the relationship using a conventional line 
beam. The graph clearly demonstrates that the use of 
the conventional line beam causes a significantly nar- 
row energy density width for achieving polycrystailine 
silicon having a large grain size (approximately 300 
nm). In contrast, crystallization using the rectangular 
beam in accordance with the present invention forms 
polycrystailine silicon having a grain size of 300 nm or 
more over a relatively wide energy density range. Even 
at relatively low irradiation energy density, the change in 
grain size to the irradiation energy density in the present 
invention is moderate compared with the conventional 
method, hence the grain size can be uniformly control- 
led regardless of periodic and spatial changes in beam 
energy. According to the experimental results, a grain 
size of 100 nm to 500 nm is achieved by crystallization 
using a rectangular beam with a pulse width of 1 00 nsec 
or more while controlling the energy density range to be 
500 to 700 mJ/cm 2 . 

A method for making the thin film transistor in 
accordance with the present invention will now be 
described in detail with reference to Fig. 6. Although this 
embodiment illustrates a method for making an n-chan- 
n el-type thin film transistor, a p-channel-type transistor 
can also be formed similarly by changing the impurity 
species (dopant species). As shown in Fig. 6(a), a metal 
film of Al, Mo, Ta, Ti, Cr, or W, a layered film of a highly 
doped polycrystailine silicon layer and the metal layer, a 
layered film of two metal layers, or an alloy film is formed 
on an insulating substrate 0 composed of glass or the 
like, and is patterned to form a gate electrode 1 having 
a predetermined shape. 

Next, as shown in Fig. 6(b), a gate insulating film is 
formed on the gate electrode 1 . In this embodiment, the 
gate insulating film has a double-layered configuration 
including a gate nitride film 2 (SiNx) and a gate oxide 
film 3 (SKZ>2). The gate nitride film 2 was deposited by a 
plasma CVD (PC VD) process using a material gas mix- 
ture composed of SiH 4 and NH 3 . In the plasma induc- 
tion, the radio frequency (RF), the power dneity. and the 
substrate temperature were set to 13.56 MHz, 
0.06W/cm 2 , and 300 °C to 350 °C, respectively, and the 
deposited film had a thickness of 50 to 150 nm. In the 
formation of the gate oxide film 3, an organic silane gas, 
TEOS (Si (C^Hs^OJ, was used as a material gas, and 
the film with a thickness of 50 to 100 nm was deposited 
at an RF of 1 0 to 30 MHz, a power density of 0.5 W/cm 2 , 
and a substrate temperature of 300 to 450 °C. Next, a 
semiconductor thin film 4 composed of amorphous sili- 
con with a thickness of 30 to 50 nm was formed on the 
gate oxide film 3. A thickness of more than 50 nm may 
cause a wide distribution of the crystal grain size in the 
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depth direction in the next crystallization step by laser 
annealing. The double-layered gate insulating film and 
the amorphous semiconductor thin film 4 are continu- 
ously deposited without breaking the vacuum system of 
the deposition chamber. 5 

Hydrogen included in the amorphous semiconduc- 
tor thin film 4 is released by a heating treatment in a 
nitrogen atmosphere at 400 °C for 2 hours. The treat- 
ment is referred to as dehydration annealing. The 
hydrogen content in the amorphous semiconductor thin 10 
film 4 is thereby reduced to 5% or less. A higher hydro- 
gen content may cause bubbling of hydrogen in the next 
laser-annealing step. The amorphous semiconductor 
thin film 4 is irradiated with laser light 50 to be converted 
to a polycrystalline semiconductor thin film 5 by crystal- 75 
lization. So-called laser annealing is a useful means for 
forming the polycrystalline semiconductor thin film 5 at 
a process temperature of 600 °C or less. In the present 
invention as described above, the section of the amor- 
phous semiconductor thin fOm 4 lying just above the 20 
gate electrode is changed by irradiation of laser light 50 
into a polycrystalline state with a crystal grain size of 
100 nm to 500 nm, while the section of the semiconduc- 
tor thin film 4 lying just above the insulating substrate 0 
is changed into a microcrystal or amorphous state hav- 25 
ing a crystal grain size of 10 nm or less. In the laser 
annealing, the amorphous semiconductor thin film 4 is 
irradiated with laser light 50 of a wavelength of 400 nm 
or less and a pulse width of 1 00 ns or more. It is prefer- 
able that the pulse width be 300 ns or less in view of the 30 
capacity of the laser light The amorphous semiconduc- 
tor thin film 4 is irradiated with a rectangular pulse of 
laser light 50 with sides of 1 cm or more to crystallize 
the irradiated region. When the amorphous semicon- 
ductor thin film 4 is irradiated with laser light 50 having 35 
an energy density ranging from 500 mJ/cm 2 to 700 
mJ/cm 2 , it is modified to a polycrystalline semiconduc- 
tor thin film 5 having a grain size of 100 nm to 500 nm. 

As shown in Fig. 6(C), Si0 2 of approximately 200 
nm is deposited on the polycrystalline semiconductor 40 
thin film 5 by a plasma CVD process using TEOS. Si0 2 
is patterned to an etching stopper film 6 having a given 
shape. The patterned etching stopper film 6 is aligned 
with the gate electrode 1 by a back exposure process. 
The etching stopper film 6 protects the channel region 45 
lying just below thereof in the next etching step of the 
polycrystalline semiconductor thin film 5. 

As shown Fig. 6(d), an impurity such as phospho- 
rus is implanted into the semiconductor thin film 5 by ion 
doping using the etching stopper film 6 as a mask to so 
form an LDD region. A photoresist layer as a mask is 
formed by patterning so as to cover the stopper film 6 
and the LDD region at its two sides, and a high concen- 
tration of impurities such as phosphorus is implanted. 
The implantation may be performed by ion implantation 55 
or ion doping. In the former process, impurity ions sep- 
arated by mass and accelerated in an electric field are 
implanted into the semiconductor thin film 5. In the latter 



process, impurity ions accelerated in an electric field are 
implanted into the semiconductor thin film 5 without 
mass separation. A source region S and a drain region 
D are formed by the impurity implantation processes, 
while the channel region Ch is left just below the mask 
of the etching stopper film 6. The grain size in the chan- 
nel region Ch is increased by the laser annealing, as 
described above. The impurity implanted into the semi- 
conductor thin film 5 is activated by further laser anneal- 
ing. The semiconductor thin film 5 is reirradiated with 
laser light under conditions not substantially affecting 
the crystalline state in the channel region Ch. The 
source region S and the drain region D are simultane- 
ously activated and crystallized, and thus have low 
resistance. For example, laser light irradiation with an 
energy density of 500 mJ/cm 2 or less causes coarsen- 
ing of the grain size in the source region S and the drain 
region D within a range of no greater than 100 nm, and 
a decrease in the electrical resistance to near 2 to 10 
KQ. Such activation of the impurity doped into the 
source region S and the drain region D by laser irradia- 
tion slightly prompts the crystal growth in the semicon- 
ductor thin fOm 5 of the microcrystal state. The source 
electrode and the drain electrode thereby have effective 
sheet resistance. In this step, the etching stopper film 6 
functions as a reflection film for laser light, hence the 
crystal state in the channel region Ch does not become 
affected. The grain size determined in the crystallization 
step is therefore maintained. The impurity-activation 
step can also be achieved by rapid thermal annealing 
(RTA) such as lamp annealing in place of the above- 
mentioned laser irradiation. 

At this stage, the semiconductor thin film 5 is pat- 
terned into a predetermined shape by etching only. A 
Si0 2 insulating interiayer 7 with a thickness of approxi- 
mately 200 to 600 nm is deposited. The insulating inter- 
layer 7 is formed by any one of plasma CVD, normal 
pressure CVD, reduced pressure CVD and sputtering 
processes. After the formation of the insulating inter- 
layer 7, a SiNx passivating film (cap film) 8 with a thick- 
ness of approximately 100 to 400 nm is deposited by a 
plasma CVD process, in this step, it is heated at 300 °C 
to 400 °C for 1 to 2 hours in a nitrogen environment a 
forming-gas environment or a vacuum environment to 
diffuse hydrogen atoms included in the insulating inter- 
layer 7 into the semiconductor thin film 5. The passivat- 
ing film (cap film) 8 is not always necessary, and the 
insulating interiayer 7 without a passivating film may be 
annealed. After a contact hole is provided, molybde- 
num, aluminum or the like is sputtered and patterned to 
a wiring electrode 9 with a given pattern. A planarization 
layer 10 composed of an acrylic resin is formed and a 
contact hole is provided. A transparent conductive film 
composed of ITO or the like is formed on the planariza- 
tion layer 10 by sputtering, and is patterned to a pixel 
electrode 1 1 with a given pattern. 

An embodiment of an active matrix display device 
using the thin film transistor made by the method in 
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accordance with the present invention will now be 
described with reference to Fig. 7. As shown in the 
drawing, the display device has a panel configuration 
including a pair of insulating substrates 101 and 102 
and an electrooptic material 103 held therebetween. A 5 
liquid crystal material has been widely used as the elec- 
trooptic material 103. A pixel array section 104 and a 
driver circuit section are integrally formed on the bottom 
insulating substrate 101. The driver circuit section 
includes a vertical driver circuit 105 and a horizontal 70 
driver circuit 106. A terminal section 107 for external 
connection is formed at the upper end of the insulating 
substrate 101 . The terminal section 107 is connected to 
the vertical driver circuit 105 and the horizontal driver 
circuit 106 through leads 108. Gate lines 109 in the line 75 
direction and signal leads 1 1 0 in the row direction are 
formed at the pixel array section 104. A pixel electrode 

111 and a thin film transistor 112 are formed near the 
crossing point of the two leads. The gate electrode of 
the thin film transistor 112 is connected to the corre- 20 
spending gate line 109, the drain electrode is connected 

to the corresponding pixel electrode 111. and the 
source region is connected to the corresponding signal 
lead 110. The gate line 109 is connected to the vertical 
driver circuit 105, and the signal lead 1 10 is connected 25 
to the horizontal driver circuit 106. A thin film transistor 

1 12 for switching the pixel electrode 1 1 1 and thin film 
transistors included in the vertical driver circuit 105 and 
the horizontal driver circuit 106 are of a bottom-gate- 
type made by the method in accordance with the 30 
present invention. 

As described above, in crystallization of the semi- 
conductor thin film by laser irradiation in accordance 
with the present invention, the growth of the crystal 
grains in the section of the semiconductor thin film lying 35 
just above the gate electrode is more significant than 
that of the crystal grains in the section of the semicon- 
ductor thin film lying other than just above the gate elec- 
trode. Conditions of laser annealing for crystallization 
are determined in consideration of only the section on 40 
the gate electrode with a large allowance for the energy 
of laser light. Since the crystals in the channel region of 
the semiconductor thin film have a large grain size, a 
high performance thin film transistor with high mobility 
can be achieved. In particular, the use of thin film tran- <s 
sistors as switching elements in an active matrix display 
device causes a significant improvement in uniformity of 
the image quality. 

Claims so 

1 . A method for making a thin film transistor compris- 
ing: 

forming a gate electrode on an insulating sub- 55 
strate; 

forming a gate insulating film on said gate elec- 
trode; 



depositing a semiconductor thin film on said 
gate insulating film; 

crystallizing said semiconductor thin film by 
laser light irradiationto cause more significant 
growth in the crystal grains in a first section of 
said semiconductor thin film tying just above 
said gate electrode than that of the crystal 
grains in a second section of said semiconduc- 
tor thin film lying at a position other than just 
above said gate electrode; and 
selectively doping an impurity into said second 
section of the semiconductor thin film to form a 
source region and a drain region while leaving 
said first section of the semiconductor thin film 
as a channel-forming region. 

2. A method for making a thin film transistor according 
to claim 1 , wherein by laser light irradiation in said 
crystallization, said first section of the semiconduc- 
tor thin film is changed into a polycrystalline state 
having a crystal grain size ranging from 100 nm to 
500 nm while said second section of the semicon- 
ductor thin film is changed into a microcrystal or 
amorphous state having a crystal grain size of 10 
nm or less. 

3. A method for making a thin film transistor according 
to claim 1 , wherein in said crystallization, said sem- 
iconductor thin film is irradiated with laser light hav- 
ing a wavelength of 400 nm or less and a pulse 
width of 10 ns or more. 

4. A method for making a thin f flm transistor according 
to claim 3, wherein in said crystallization, said sem- 
iconductor thin film is irradiated with a laser light 
pulse with a rectangular irradiation area having a 
side of 1 cm or more so as to crystallize the area 
irradiated with said laser light pulse. 

5. A method for making a thin film transistor according 
to claim 4, wherein in said crystallization, said sem- 
iconductor thin film is irradiated with laser light hav- 
ing an energy density ranging from 500 mJ/cm 2 to 
700 mJ/cm 2 . 

6. A method for making a thin film transistor according 
to claim 1, wherein said method further comprises 
an impurity-activation step for activating said impu- 
rity doped into said source region and said drain 
region after said doping. 

7. A method for making a thin fflm transistor according 
to claim 6, wherein said impurity-activation step is 
performed by rei radiating said semiconductor thin 
fflm with laser light under conditions not substan- 
tially affecting the crystalline state of said channel- 
forming region. 
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8. A method for making a thin film transistor according 
to claim 6, wherein said impurity-activation step is 
performed by rapid thermal annealing. 

9. A method for making a thin film transistor according s 
to claim 1 , wherein in said depositing, said semi- 
conductor thin film composed of amorphous silicon 
having a thickness of 50 nm or less is formed by a 
chemical vapor deposition process, and then 
heated so as to reduce the hydrogen content in said 10 
amorphous silicon to 5% or less. 

10. A method for making a display device comprising 
the steps of integrally forming pixel electrodes and 
thin film transistors for driving the pixel electrodes is 
on an insulating substrate, forming counter elec- 
trodes on another insulating substrate, and joining 

the two insulating substrates with a given space 
therebetween such that an electro-optical material 
is held in said space: 20 

each of said thin film transistors being 
formed by the following steps: 

forming a gate electrode on an insulating sub- 
strate; 25 
forming a gate insulating film on said gate elec- 
trode; 

depositing a semiconductor thin film on said 
gate insulating film; 

crystallizing said semiconductor thin film by 30 
laser fight irradiation, to cause more significant 
growth in the crystal grains in a first section of 
said semiconductor thin film lying just above 
said gate electrode than that of the crystal 
grains in a second section of said semiconduc- 35 
tor thin film lying at a position other than just 
above said gate electrode; and 
selectively doping an impurity into said second 
section of the semiconductor thin film to form a 
source region and a drain region while leaving 40 
said first section of the semiconductor thin film 
as a channel -forming region. 

1 1 . A method for making a display device according to 
claim 10, wherein by laser light irradiation in said 45 
crystallization, said first section of the semiconduc- 
tor thin film is changed into a polycrystalline state 
having a crystal grain size ranging from 100 nm to 
500 nm while said second section of the semicon- 
ductor thin film is changed into a rrricrocrystal or so 
amorphous state having a crystal grain size of 10 

nm or le 



13. A method for making a display device according to 
claim 10. wherein in said crystallization, said semi- 
conductor thin film is irradiated with a laser light 
pulse with a rectangular irradiation area having a 
side of 1 cm or more so as to crystallize the area 
irradiated with said laser light pulse. 

14. A method for making a display device according to 
claim 10, wherein in said crystallization, said semi- 
conductor thin film is irradiated with laser light hav- 
ing an energy density ranging from 500 mj/cm 2 to 
700 mJ/cm 2 . 

15. A method for making a display device according to 
claim 10, wherein after said doping, said semicon- 
ductor thin film is reirradiated with laser light to acti- 
vate and crystallize said source region and said 
drain region under conditions not substantially 
affecting the crystal state of said channel-forming 
region. 

16. A method for making a display device according to 
claim 10, wherein in said depositing, said semicon- 
ductor thin film composed of amorphous silicon 
having a thickness of 50 nm or less is formed by a 
chemical vapor deposition process, and then 
heated so as to reduce the hydrogen content in said 
amorphous silicon to 5% or less. 



12. A method for making a display device according to 
claim 1 0. wherein in said crystallization, said semi- ss 
conductor thin film is irradiated with laser light hav- 
ing a wavelength of 400 nm or less and a pulse 
width of 10 ns or more. 



8 



EP 0 886 319 A2 




FIG. 1B 



IXi 
CO 



CD 



60 

50 

40 

30 

20 

10 

0 
-10 
•20 

280 320 360 400 440 480 520 560 600 640 
LASER ENERGY DENSITY (mJ-cm 2 ) 



































































































▲ 












A 




^- 




























L 


i 






— i 




























A- 


































4 


































— I 




4. 


▲ 












A 




A. 




■i 

































9 



EP 0 886 319 A2 



FIG. 2 
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FIG. 4 
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